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Banples of airoonl\ui(IV}»stiL«noptK>9ph>at«, 
lron(III)-tel0nophosphat«y ehroBdnndlD-tclonophos-
phat« an& tHorluB<iy}*t«tlenopb9phat« hav« b««n ayn--
theslz«d by edxln;! aqueous solutions of approprlata 
raae^ents In <!lffer«nt voluna ratios at pH « 1-S, 
One of the samples of zlreonluB(XT)«selenophosphGte 
has been studied In greater detail for I t s Ion •»-
change oapa'^lty, pH*tltr tlon^ tbemal and ohenloal 
stabil i ty and ohesdeal oooiposltlon. Distribution 
ooefflelents of metal Ions on tlroonluii(IV}-seleno-
phosphate In water, nltrlo acid, atiffionluB nitrate 
and altrlo aeld-amsonlum nitrate aystoas have be«i 
determined. The differential selectivity of netal 
Ions on slroneluD(I7)«»s«Lenophosphate reveals that 
8lreonluBClV)«sslenophosphate Is a useful Ion ea» 
chai^er for the separation of netal Ions* A9 a 
result, elevoi cpiartemary separations have been 
quantitatively achieved on the coluisms of this eac* 
ohan^ Te aaterlal. 
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of aireoniiai(IV). iron(TII) , ohroiBltiaClII) 
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T.1BLS - 8 Effect of dryint? teajp«rature on the ion 
exehani3:e capacity for siroonltiadV). 
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TiBLE « 6 Cheoieal s t ab i l i ty of zirooninn(IV)-seI< 
nophosphate (Saisple 2S?x^ ^^ different 
sol V wits. 
TABLE • 7 Distribution eoeffieients of metal ions 
on zirooniniB(I7)*seiL«]ophosphate (Baoplt 
Z^?l) in different solvent systems., 
TABLE - 8 Separation of metal ions achieved on 
sirc»niiim(I7}»sel«iophosphate coluims* 
LIST 0^ nCT'^ .^ S 
Plgur« I pH tltnitlon curves of alreonliiiD(IV)»s«l«-
noph03phate (Sample "^ sPj^ ), 
Plf5ijr© 2 ^ o t of drying tamperatiire Vs. Ion exchange 
oapaolty, 
Tlgura 3 I*H« ^^pectra of Seleiiophosphates of 
alroonium(IV), Iron(III), chronduiadll) and 
thwiuaClV). 
ngure 4 (a) Separation of Y^*-.A1^-Pb^.?e^* and 
Yb3'^ -Gd3*.in)2*.Th'**. 
(b) S^aratlon of Cu^*-Al^*-?b3*-Pe^* and 
Eu3*.(3d3^Pb2*-Th^*. 
(e) Separation of ?r '^*'-ad3'*'-?b^-'m'** and 
Er3*-Gd3*.?b2*.Th4*. 
(d) Separation of ?b3*-C.d3*.in)^-Th'^* and 
(e) Separation of Ca2*-Al3'*'-?b2*-:5r'^ '^  A'JD 
(f) Separation of Da^*.Al^^-?b^-^jr'^*. 
Th© r^ysognltl^n of nhenomenon of Ion rK^j^an e I s 
gea<=»rally a t t r l m t o ^ to Thoispson (1) a-rl uy (T), \fio renortod 
In IS'jO tha t when a so i l I s t^ea te l with « l th^r amr'onl an 
sulphato or aroronlian carbonate most o" th*^  arroiii'iiD Ions -^as 
adsorbed and caLolmn released* I t rfas l a t e r iroved ny Ic'iorn 
(3) tha t the adsorotlon of Ions from ?»rouncl yators >y clays 
cons t i tu t e s a revf^rslble rf^action. r . e ion sxchan e reac t ion 
enables so i l s to ^tore a reserve of n lnera ls for f'?turo a v u l l -
a > l l i t y of plants* Adams and IIolBS (4) dlscov re l i n 1)35 
exchange properti '>s. T'lls led the Inv-^stifjator's So dr^velo) 
synthe t ic ion exchansie r e s i n s . 
Gans (5) who synthesized inorr'anlc mater ia ls of t'le type 
NftgAlgSl^ Oj^ Q in which the !1&"*' w s exchani^eaole. I t shouli be 
noted tha t May himself ssmthosiased several inorganic s i l i c a t e s 
of a glmllar type^ Hans succeasfully a rolled h is Inorganic 
3"-n^hetie ca t ion exchanger to wat-^r softening anrl siir^ar t r e a t -
p'ont on Q t«ohnolo?^lcal scale* To a l a r ' e extent h is synthet ic 
ffKohan^^er replaced he na tu ra l ly oocurrinfr 'MCOhanfTGrs or 
z e o l i t e s as '^ hey a r e s t i l l c a l l ed . 
The ion exchange r e s ins w Ich have found appl ica t ions 
for solvlnfj dlv">rse problems of i n d u s t r i e s , a n r l c j l t u r e , t>iol ):y, 
nedlolne, hydrometallursyi suff^^r fror a number of Ll t i l ta t lons 
gp<nclally .;hen ono l a floall iti; with rad ioac t ive mater ia l s , 
organic Ion oxchangors at*© of l e s s lnt^rp»st, ^he Inoroja'tLc 
ion exchani^ers have ^ot the follow n?; d l s t inc i : advanta-e ov^r 
the organic eo-int<?rpartg, 
! • Thoy can be used conveniently even In the presence of 
hlt^h lonlzlni? r a d i a t i o n s . 
9# They a re more heat r eg l s t an t antl therefore can be u=?ed 
kt higher temperatares where r e s in s a r e decompoaed. 
3 . The s e l e c t i v i t y I s usiuOly hl?!her dne to the i r s t i f f 
g t m o t u r e s , 
4* Their preparat ions Involve simple procedures. 
I t I s for these r ^ s o n s , i n t e r e s t In the developinent 
of new Inorganic Ion exchangers has been considerably lnc?<^aslns. 
Some of the more Important U5es of th^se Inorganic Ion exehan-
^ors are i 
1, The separat ions of fnf»tal Ions 
3, The pu r i f i ca t ion of wat'^r 
3 . ?he separat ion of or!»a»ilc compounrls 
4 . The preparat ion of Ion se l ec t ive men^3r«n«8, 
^5, ' ' reparat ion of a r t i f i c i a l Iddney mac nines. 
0 . The preparat ion of fuel c e l l s . 
i'UEBphldtt (6,7) anfl Kraus (3,5) hn?© clone fmich of the 
pioneering work In th is field, wtio concentrated t ' lelr a t ten-
t ion on 2slroonluin oxide anfi 'Arconlum phosphate. The work 
up to 1163 has been flUJsiBarlaed by Amphlett In ills classical 
book, "Inorganic Ion Exchai^ors'*. The l a t e r \Jork up to I'fJO 
has been condtftised by Pekardk and Vesely (10)., The more recent 
work on Inorganic Ion exchangers has been suoinarlzed by 
Clearfield, 'JoncoUas arri Blessing (U) anfl JiJtton (1?2,13,14,15). 
The analytical Inportance of synthetic Inorganic ion 
exchai^ers Is now flrtsly e'3tabllshed. The review on Ion 
exohanne in analytical oh<'mlstry for the year 1^0 included 
the slPinlflcant stataoent, "The obvious alvances in the la^t 
two years are In the area of Inorganic Ion exchaifrers", 'van 
today thlg statement I s almost equally true, 'Tow v^^ r^, even 
analytical anpUcatlons depend to a large extent on the under-
standlns:^ of the physical charaoterlatlcs of th<^se materials. 
I t I s reassurlnr to note that the recent studies on Inor-ranlc 
Ion exchangers have b-^ en concentrated mainly In this direct ion. 
are) 
The more Important aspects which have been studied 
1. The crysta l l i sa t ion and charactr^rlzsitlon of ion 
exohan<;e materials. 
9. The oechanlsn of Ion '^xchani^e. 
3. The thermodynamics of Ion exchange. 
4 . The kinetics of Ion Qxchan?;e. 
5. Ion Qjcchanga In fused sa l t s . 
6. Ion ^ohangd b»tw«en 30ll<3s, 
7» Th« surface proooptli»a of ^As 
8, Analytical aoplloatlons. 
9# Mlgcellaneoua, 
The counter ion matrix Interactions are rorf» lm:K>rtant 
In Inorganic Ion exchanf^ers than In organic realns. They sore©-
times lead to Irreversible adsorption (wiilch an Ion Is Incor-
porated In the matrix) and often lead to selective or specific 
separations. Stannic raolybdate (16) and stannic tua«:gtate (17) 
are specific for "^^^ THrconlun iwumdate (18) adsorbes it*, ?Ia*, 
Ba2*, sr2*, Mg2*, Cd^ "", ? e ^ , Co^*, Nl3% ?b2% .^a^, Cu^* and 
Afj* but does not adsorb /d^*, Bl^*, Mn^, Tl'**' and Hg^*. 
Chromium trlpol3rphosphate (11) I s suitable for column opera-
t ions and can be used for the sepai^atlons of alkal i metals. 
At present a larf^e numbm* of Inors^anle ion f^ xchanf^ fr's 
have been synthesized which a r e l is ted In Table 1 alon^ with 
thei r ch««dGal comnosltlons. Ion eocohan^ re capacity an<l some 
Important applications for the separation of n-^tal ions. 
"Iojev->r, Inorr^anlc anion exchaa^ers are less studied as compared 
to cation exchangers. 
The oberslcal s t ab i l i t y Is one of the mcot Important 
properties that nrust be 3ti»2led. The u t i l i t y of an Ion exchan-
ger In a part icular medium Is recorjnlsed on the basis of I t s 
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s t ab i l i t y l a that modltuu -Iln;!ier s t ab i l i ty Ldads to i t s opora-
t lon in rnore and more solv^it* 
'-ftth the devalopin'^nt of modern analytical Instruments, 
i t bocomes easy to un-lerstand the ch«nistry of the roat«»rlala 
prepared. Infra red spectrum T)pediot8 the •aresence of water 
Roleoules, OH »roups and metal-oxjrren bonds. X-ray analysis 
confirms whether the oaterial i s amorphous or crys ta l l ine . 
The therrnogra7im?>try an^ differential thermal analysis are 
important t<=»chnlques that record chani^es In the chefr-ical compo-
s i t ion of the material a t different terooeratures. These tech-
niques provide a great help In establishing t"iq structure and 
the thornal s tab i l i ty of the ion exchang'?r. 
The uptake of ra^tal ion in preference to others by an 
Ion exchanger i s called se lec t iv i ty . The sa lJc t lv i ty depends 
upon many factors, a few of then arej 
1, Charjje on the metal ions, 
2, Ionic radi i 
3 , I'brroation of Insoluble srabstances with the exehan^^er. 
4 , CcMspiex formation, 
^esid'^s oth»r factors, solvents play an Important role 
on the adsorption behaviour of metal long on ion exchangers. 
The ion exohanf^e b^aviour of almost a l l m<«tal ions in aqueous 
mln'=»ral acids of different conf^entrations has be^en studied 
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a* 
extonslvoly* 'Solvents other than T l^n^T'al acl?s have alg^ 
been used as aluents* They are s«Lectedl on th© bagls of their 
nature of Interaction with o^tal Ion unfler conslderatio;, e,i%, 
e l t r l o acid, fomlc a d d , oxallo acid, t a r t a r i c a d d , perchloric 
acid are the coraroon eleunts used for column chromatography, 
Elutlon of mf^ tal Ions I3 Iner-^ased beoau<!e of the complex 
fori&lng nature of these compounds vlth metal Ions. Oxalic 
eold, bdng a ^ood oooplexlng at^ent, has been used in the sepa-
rat ion of As, Mn, Go, i:xi and Chi from one another 0 6 5 ) , According 
to the lnvestl??atlon of f.aimielson anfl co-workers (9G6), those 
complex forming organic a d d s are sometimes adsorbed on a 
stron«?ly basic anion ^^xchansrer and auoh an eX'Shar^er can be 
treated as a cation exchang'^r that can successfully be uged for 
selective separations, 'Ethylene diamine te t raacetate I s found 
to form complexes with most of the m^tal Ions. An anion exchanfre 
res in containing ?IDTA Ions can be ut i l ized for the separations 
of a lkal i metal Ions from alkaline earth nxtals . The alkaline 
earth metals form stable conplcoces with SDT4 above pH 7 and 
hence they are absorbed while alkal i metals do not for;;? complexes 
with ?3>TA and pass throui?h th© column. r,lmllarly alkali arsd 
alkal ine earths can be separated from multivalent Ions using 
anions exchange resin containing c i t r a t e Ion. 
Despite the outstanding' theoretical acdev^ments, we 
have not reached the sta^re whero p rope r t l ^ of the Ion exchan/^er 
oan b© predleted from csh«mlcal oonsld oration only, Th<ar©for« 
'Hff«i»«nt ion exehanj^ers have to be gtyrtled and their Ion 
exohanr»e b«^vlour has to be elucidated before their praotleal 
u t i l i t y can be established. 
The ppestnt work was, th«»refore, iinfl©rfcak«i to synthesize 
ielenophosphates of ZP(IV), ?e(TII), Cr(ITI) and Th(IV) as new 
Ion exchange materials and to compare their prop^rtl'^s systema-
t ical ly , /inalytleal aprjllcatlons of 21roonltii!J selenophosphate 
has been explored by achieving a nm^er of quantitative sepa-
rations of netal Ions on their columns. 
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SYNTHESIS, 101 EXCHA:r?E BBHAVIOOH AW ANALYTICAL APPLICATIONS 
OF SBLBNOPHOSPH..TSS OF ZIBCONIUMdV), IROH(III), 
CHROMIUM(III) km> •mORIOM(IV). 
Th« vide spread applleattons of synthetic Inorganlo ion 
exohangers hove now been well established (1 ) , Hec«itly th«y 
have been fonnd nseful In portable renal d ia ly s i s u n i t s . Simple 
Insoluble sa l t s of metal Ions hvB been r«lat ive ly Bnaeh more 
stt»!ied than double sa l t s ('?,3,4,5). I t has be«n found that 
double sa l t s soa<>times shov superiority over simple s a l t s . 
The mixed sa l t usually exhibit higher ion-exehan?«:e capacities 
and better th^rf^ ad ar^ chemical s tab i l i t y as compared to simple 
s a l t s . :?irconiua phosphate (6) and zlroonium se len i te (7) have 
been found to exhibit excellent ion exchange properties. Since 
doilble sa l t s are found to show ion @xchans;e pronerti-^s different 
from simple s a l t s . I t I s , therefore, worthwhile to invest igate 
the properties of double sa l t s synthesized by mixing phosphoric 
a d d and se leni te with d i f f ^ o n t metals. The pr^ent work was 
therefore undertaken to invest igate a comparative study on the 
synthesis and ion exchan^^e behaviour of selenophosphates of 
Zr(IV), Fe(TTI), Cr(III) and Th(IV). 'arconiumdV^-selenophos. 
phate has be«i chc^en for detailed study owln^ to i t s high 
exchange capacity and better chemical s t a b i l i t y . 
ZlroonltuB nitrate (B.D.H, Inflla), Chromliim nitrate O.D.H.) 
ferric nitrate (B.D.H,), thorium nitrate (fJISCO), godlum sele-
nlte (B.D.H.) an^ phoiphorlo aold (Sarabhal ChsmleaXs) wore used. 
All other chemicals W':'re of analytical grad«« 
Apparatus! 
pH was measured with an Klloo LX-XO pH n e t ^ . A sp^otronle 
20 colorlm(*ter and a P i^rkln Slmer X37 ap*»ctrop!iotom(»ter were 
used for speotropho tome trie and I.H, st'idlei respectively. An 
electric teoo'^ratiire controlled shaker ("5IC0) was used for 
shaking, 
*Sainples of zlroonl\«B(17) selMiophosphate IrondTT) sel*-
nophosphate, Chromlum(III) selenophosnhrte and thorlumCl^) sele-
nophosphate were pr^pa^ed by mixing aqueous solutions of appro-
priate reagents under the conditions Indicated In Table 3(a-d). 
A mixture of sodium selenlt^ and phosnhorlc acid wag added to 
motal Ion solutions. The dosl ed pH w 3 adjusted by adding 
dilute nitric add or sodium hydroxide solution. The precipi-
tate so formed was allowed to set t le down for ?34 hr., washed 
several times with demln'-rallzed water (DM'O to removo excess 
reai^ents finally and fMt«r"a undpr suction. It was then dried 
at 40^ C In an OTen. The dried material --ras then treated with 
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DMW r©9ultln,=^ craekliig of subst nee Into smaller partlolss 
with slight ©volution of heat. To convert the sample In 
hjr^rogen Ion form, the material was kept for 48 hr. In 
1 wol dm*^  nitric add solutl-^ni. It was then wash^ with 
DMW to remove excess acid, 'a,poonluB(I7) selenophosohrt© 
(^ SPj^ ) has been chosen for detailed study ovlng to I t s higher 
Ion exchange capacity and hl??her eh«iBleal stabil ity as compared 
to othf^ r materials. 
f^tiV.tychar\^ ^ Cw»Qt^ y« 
Ion-exohan?« capacities of some iml- and bivalent Ions are 
shown In Table 4, 0,6 gram of the €aehaa';er In H* form was tak«i 
Into the column with glass wool supt)ort« The H Ions were 
©luted by passing 1 mol da*^ of the electrolytei solutions (pH 6) 
through the column. The eluted H* Ions In the effluent were 
deteriTilned volumetrleally using standard sodium hydroxide solu-
tion as tltrant. 
P h ^ c ^ 3tat?U1L<fyf 
A 0 , ^ gram ©Dtehanger material ("55?;^ )^ was equilibrated with 
25 o«^ of the solvent of analytical lnt<>rest at room tamp's^ rature 
and kept for 34 hr. with occassional shaking. "Jlrconliin a nfl 
selenium In the solution was determined spectrophotometrlcally 
using alizarin red-S (8) and S^S'dlamlnohenal^lne hydrochloride 
(9) as colouring reagents respectively. The phosphate was deter-
mined tltrlmetrlcally (lO), The r<»8ults are summarized In 
Tabl© 6 , 
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To examine the effect of drying tenperatur" on the Ion 
exchange capacity the materials were heated at different t«D-> 
peratures in Muffle Furnace for 1 hr« The ion exchange capa-
ci ty for potassium ion at different temperatures Is < l^venl In 
Table 5. 
pH titration were performed using Topp and Pepper's 
method (U) for NaCl-ftoOH and KCl-KOH systems at 25 + 1°C. The 
pll titration curves are shown In Fig. 1. 
^ r the determination of chemical composition of airconium 
CiV telenophosphate sample 2S^ x» ^•^ srem ->f e3j;chans«^ r was d is -
solved in hot concentrated sulfuric add . Then the solution was 
diluted to 100 em^ with water. Zireonltun and selenium were 
determined gravimetrically (12|ld) vihlle phosphorus was deter-
mined titrlmetrically (10). The mole ratio of 2r, Se and P i s 
found to l i l i l . 
I.R. analysis of ziroonluffl(IV)*seleiiophos:phate, ohromiiimdll) 
solenophosphate, ironCllD-selenophosphate and thorlum(IV)-
selenophosphate were performed usin? K3r technique. The results 
are s^ iown in Fl{?, 3(a-o). 
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Fig. 2 Plot o1 drying temperature Vs. ioa excKonge copacity 
ChMdoal Stability of Slvoonii»(Xy)-8A«oopli»«pliat« (Saaplt 
ZSP^ ) in DifftrtBt SolY«ntt. 
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The distribution coefficient (Kd) for «®tal ion« In 
different solvent systefae were detwredned* 0»88 gra» exehanger 
In hfilro^ Ten forio (50-100 nesh sis*) ime treat<id with ^ on of 
cation solution in "^SO 9m Erlenmsarer fLasIc* The mixture wag t 
then shaken for 6 hr« at 35 ^ I^ C in a shaker Inoubator. The 
anount of cation le f t in the solution was then determined by-
titrating against the standard solution of WTA. The Kd values 
were calculated according to the foriniXa 
® • H ^ * TBB «^ /«-
where P i s the volume of M>TA oonsuaed by the solution after 
•qullibrius, I BIC i s the volume of EDTA consumed by th^ original 
solution (i .e* before equilibrium)* The results of Kd values 
are summarised in Table 7« 
Quantitative separations of some metal ions were achieved 
on a 0,3 em diameter (id) glass ooluffln using 1»0 gram of eocohan-
ger (50 - 100 mesh size) in H'*' form* The cation mixture was 
poured on the top of the edtmn* The stop eorck was opened so 
that the mixture passed through the COIUBBI with a very slow rate. 
The column was rinsed with dist i l led water* Tlie cations adsorbeA 
were th«j eluted with suitable eluttng a<3;ents. The flow rate 
during elutlon was maintained 1«0 cm^/min. The 10 cm^ fraction 
of the effluent was collected and the metal ions were determined 
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by fltandard methods* Quaiitltatt7« ttparatlont of metal loni 
aehieved on tho OOIUBIM of siroonliUi(IY)->s«l«nophespliate aro 
stiinnarlsed la Tablo 8 and their elutlon ourret are sho%m In 
Figs* 4a to 4f, 
RESOLTS AND DISCUSSIO?! 
T&bl« 3 (a^) describe tho prtparatlon of lanples of 
seltnophosphatot of «lroonlu«(IV), I r o n d l l ) , ehponltuadll) 
and thorluaClV) under Identleal conditions. I t Is observed 
that on re fluxing the precipitate (ZSPj^ ) for sixteen hours, 
I t beooaes unstable* It Is appar«it froa these tables that 
the Ion exehan^ e^ capacity of mixed salt Is greater than that 
of single salts but this trend Is not followed In oase of 
ehronluB (III) axa thorluB(*T)-seI«iiophosphate« ZlrconluBi(IV) 
seltfiophosphate I s found to possess highest exohanre capacity. 
The order of Ion exchange capacity for K^ of different exchange 
asaterlals are as follovst 
Zlroonlun(IV}*selenophosphate FeCIII)*selenophosphate 
ThorliuiCllD-seltfiophesphate Cr(III}*seI.enophosphate 
Results of Table 4 show that the Ion exchange capacity 
of selenophosphates of slrconltai(IV), Iron(III), ohroRluB(III) 
and thwKuBClY) Increases vlth the decrease of the hydrated 
radii for both the alkali and alkaline earth netals but in the 
case of lron(III)»selenophosphate the exchange capacity dec-
reases '«rlth the decrease of hydrated radii of alkaline earth 
metals iiihlch i s contrary to the noroal behaviour* This i s 
probably due to the ion pair foroatlon of the matrix with the 
Betal loa« 
The effeet of heating on tho Ion flxohan^* oapaolty of 
8lreonitui(ZV)«telen>phosphat« Is shown in Table 3. The ion 
exohan^a capacity of sirconium(Z7)-s«lenopho8phat« for K ion 
i s 1.51 naq/dry gran vhen the sample i s dried at 40^C, with 
the increase in the drjdng teB?)9rature bejrond lOO^ C the ion 
exchange capacity gradually decreases* The capacity dininished 
to a negligible value 0,05 aeq/dry gram at 700*0 (Pig. 2). This 
may be due to formation of oxides of metals. Table f indicates 
that 2irconiuB(I7)»selenopho8phate can be conveniently used as 
an ion exchanger even vhen the drying temperature i s as high as 
500^ (capacity 0.48 meq/dry gram)* On comparison of the ion 
exchange capacity data at different drying temper atures of 
various materials (4,14,15)* We can conclude that sirconlum(IV) 
selvaophosphate possesses the highest ion exchange capacity 
(1*19 meq/dry gram at 300*0)• The exchange capacity at 300*, 
800* and 600^0 for various exchange materials can be written 
as followtt 
At 300*0 2ireonium(IV)«seleii»phoqphate Stannic 
selenoarsenate Stannic sden i te Chromium(ZII)* 
arsenophosphate Starmic arsenophosphate* 
At SOO^ Ct Stannic seienite Stannic s«l«nearsenate 
^rconium(IV).sslenophosphate Chromium(III)-
arsenoptosphate stannic ars«aophosphate* 
At eOOPCt Stannlo geI«noarsenat« Stannlo a«lenlt« 
ZlroonluB(I7)-teleiioptiosphat« ChroMltuidll ) -
arscnophosphattt Stannle arstnophosphat** 
I t I t apparent from Tabl« 6 that ilreonlua(I7)-ieL«no-> 
phofpliata la quite atabl* In water, low concentrations of 
hardroohlorie acid, perdilorle aeld, nitric add and aulfarlc 
meld* The material i s also fairly stable In organic solvents 
l i k e ethanoli bntanol, eth7l acetate, formle add, oxalic 
acid, tartaric add, c i tr ic add, Df4S0, dlonne, acetone and 
aeetephenone but hle;hl7 soluble in 2M sodlun hydroxide* 
The pH titration curves (Fig. 1) reveal sone Interesting 
features regarding the uptake of alkali metals which i s affected 
b j pH« In the pH range ^.S-d.e, the uptake of K"^  Is greater 
than HB,* but In the region 8,6«>9.9, the Hit''' Is nore strongly 
adsorbed than K**"* When pH i s Increased bsgrond 10 the behaviour 
of t*" ion ion i s reversed. The ion exchange capacity (1.50 at 
pH « 6,5) frcMi pH titration curve i s well supported froB the 
data of coluiin operation. The two inflection points in both 
the curves of sirconiuB(IV)»selenophosphate show the bifuBotlonal 
behaviour of ion exchanger. 
Infrared sp<»etra (Tig.3) of the seienophosphates of 
sirconiuB(iy) iron(III), chrondUMdll) airi thorltmClT} dried 
at 4QPC are identioal. Therefore, a siailar band assif^nnent 
may ^ « glv«n as follovft Th« three broad bands with maxlna 
at 3300, 1390 ana 1640 e«"^ are eharaeterlatlca of the stret-
ching vibrations of Interstit ial nater and OH group, the 
netal-QR deformation vibration and the deformation vibration 
of Interstit ial water r^^^speetlvely. Selenlte and phosphate 
bands Bay fall In thereglon 1020 CB** and 790 em (16). 
I t Is olear from the Table 7 that the Sd values vary 
with the composition and nature of the solvent. The Kd values 
for Ba and Th^* are very high showing a high affinity of 
slroonluB(IV)osel«aopho9phate for these ions, whereas Mg and 
rare earth metals are least strongly adsorbed In almost a l l the 
solvent systsBs studied. An inarease l a the ooneentratlon of 
nitrle aeid has sli^nifloant effeot on the adsorption of ?b^ '*' and 
P e ^ but has a l i t t l e effect on the behaviour of rare earth 
metals. The sorption studies on 8iroonlum(IV)-s«lenophosphate 
for different metal ions reveal some important ses^ratlons 
(Fis. aa to 9f) . Ai a result, eleven ({aartemary separations 
(Table 8 were performed using small columns of sireonium(ZV)» 
•ilenephosphate. Calcium Impurities are usually contaminated 
with thoritoi ores which can be removed conveniently util ising 
the columns of this ion exchange material. v<3eparatlon of iron 
from copper may be utilized in the removal of iron imparities 
from ehaleopyrite (Cu?eSg) and Bornite (Cu5FeS4} ores. 
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